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1 Scope of the document

The procedure in this document describes the weldeglure for
* welding the_additionahydraulic connectors needed to attach the mini-3Tdtiring
beam testing
» wedling the hydraulic end connectors used for olpshe system. This document does
NOT concern welds the hydraulic connectors congettighe evaporator. These welds
are described in RD-2.
* Welding the TTCB on-site in the AMS02 Clean roomdERN to the TTCS transport
tubes
It contains the following steps:
* Weld qualification
o Identification of optimum weld parameters
(copy of the weld parameters from previous conmeta tube welds)
o Weld qualification
* Weld re-qualification (if necessary)
* Flight Weld steps
0 Pre-welds
o Flight welding
o Post-weld
The objective is to verify the hydraulic conneatalds will fulfil the NASA weld requirements
and meanwhile provide the safety verification doeatation.

2 Refer ences documents
Title Number Date
RD-1 | TTCS Requirements AMSTR-NLR-PL- | April 2007
Verification Matrix FM H/W 02 Issue 1.0
RD-2 | REQUIREMENTS FOR THE ASR-S-001 RevB | Sept 2003

MANUFACTURING AND SPACE
QUALIFICATION OF ALL THE
PRESSURIZED WELD JOINTS IN THE AMS
TTCS EVAPORATOR
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3 | dentification of welds

3.1 Weld locations of additional hydraulic couplings
In the TTCS loop the new hydraulic connectors aesgnt at the following locations:

T 1
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Figure3-1: TTCSloop Schematic Secondary L oop

The secondary loop contains:
* 4 additional hydraulic connectors for the connectmthe mini-TTCS
* 1 hydraulic connector for re-filling
e 1 hydraulic end cap

The location of the hydraulic connectors is showbélow assembly drawing:
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Figuur 3-3: TTCSloop Schematic Primary L oop
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The primary loop only contains one hydraulic eng.ca

Section A-A

i3

1 D]
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20 54 N 7,572 _l_'\_l/“lE &;ﬁ%
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- Connector material is 15-5 PH Stainless steel

- Intermediote tube insert is CRES 347 alloy

- General tubing is seamless J16L

- Welds are made with o Swagelok orbital welding machine
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Figuur 3-4: Parker Hydraulic connector R44275S-03U28 with intermediate tube

The R44275S-03U28 Parker hydraulic connector (N&tePEP 15-5 PH) is connected to the
TTCS transport tubes (316L) by a small tube segmetit an intermediate material (CRES
347). The same construction is used for the matimgpling R44276S-03U28 as shown in

Figuur 3-5.
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Section A-A:

i
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a4

ol

- Connector material is 15-5 PH Stainless stesl
- Intermediate tube insert is CRES 347 alloy

- General tubing is seamless J16L

- Welds are made with o Swagelok orbitol welding machine
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Figuur 3-5: Parker Hydraulic connector R44276S-03U28 with intermediate tube

For the end caps used at the fill ports also R482¥8J28 couplings are used. However these
are connected to 6 mm 316L tubes which leads tcesardifferent intermediate tube (CRES
347). In Appendix A intermediate tubes are shown.

3.2 Condenser inlet and outlet weld locations

After condenser integration the transport tubesirteebe welded to the condenser inlet and
outlets. The TTCS has 4 condenser leadin a tot&larfline welds. Two condensers are located
on RAM side and two on Wake side the mechanicalolatyis shown in below figures.The
condenser welds are all of type V in Table 4-2.
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Condensers

Figuur 3-6: Condenser locations

ussF7

Figuur 3-7: Manifold inlet location details
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T ussBé
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Figuur 3-8: Manifold inlet location details
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3.3 TTCB connectionsweld locations
The TTCB's are located on the USS as shown in Figul2. The TTCB-P is located om Port
side the TTCB-S on Starboard side.

TTCB_Vs_AMS

Crates obsolete model

Figuur 3-9: TTCB locationson AM S
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{0 370 !
UGUSDHD700c4 (UGUSD4D700c4. 1)/MSB (VERTICAL SUPPORT BEAMYTUBING Rev_ B (TUBING_Rev_B.1)

Figuur 3-10: TTCB weld locationson AM S

87-03-1032-001_RAM_RADIATOR_IN_SECTION B (87-03-1032-001_RAM RADIATOR_IN_SECTION B.1){RAM_RADIATOR (RAM_RADIATOR.1)/TRAHSPORT TUBING (TRANSPORT

Figuur 3-11: TTCB tuberouting AMS
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331 TTCB-Pweds
The TTCB-P will be completely welded into the TT@Sube system. This is a total of 8 welds.
All welds are of the same type (Type IV in Tabl@)-

332 TTCB-Swelds

The connection to the TTCB evaporators is via cotors. The connectors on the box side (see
Figuur 3-2) are welded off-line (type Il in Table2). The connectors on the transport tube side
are welded on-line (Type IV in Table 4-2).

The TTCB-S has 4 TTCB condenser inlet and outleneations will also be welded (Type IV
in Table 4-2) online.

TTCB_Vs_AMS

asliifeeA

Crates obsolete model

Figuur 3-12: TTCB locationson AMS



AMS Tracker Page

¥ Z C
NJ—'J:L!LE’JF’ A i} Subsystem Issue

TTCB and condenser integration Date

17 of 57

Thermal Control Doc.Id AMSTR-NLR-PR-067

2.0
August 2007

{0 370 !
UGUSDHD700c4 (UGUSD4D700c4. 1)/MSB (VERTICAL SUPPORT BEAMYTUBING Rev_ B (TUBING_Rev_B.1)

Figuur 3-13: TTCB weld locationson AM S

87-03-1032-001_RAM_RADIATOR_IN_SECTION B (87-03-1032-001_RAM RADIATOR_IN_SECTION B.1){RAM_RADIATOR (RAM_RADIATOR.1)/TRAHSPORT TUBING (TRANSPORT

Figuur 3-14: TTCB tuberouting AMS
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3.4 Weld typesidentification
The welding of the hydraulic connectors to the s@ort tubes includes the following types of
welds:
5.6 mm trumpet weld (all hydraulic connectors)
* Hydraulic connectors (R44276S-03U28 and R44275S283Uo intermediate CRES
347 tube sections
4 mm welds (mini-TTCS couplings)
* 4 mm standard tube stainless steel 316 L to 4 mBSCBA7 intermediate tube section
* 4 mm standard tube to 4 mm standard tube (bothdgioup batch)
Connection to TTCS transport tubes
* 4 mm standard tube 316L (NIKHEF batch) to 4 mm daad tube 316L (Microgroup
batch)
Connectionto TTCB’s
* 4 mm standard tube 316L (Microgroup batch) to 4 816L condenser manifolds
Connection to condensers

6 mm welds (end coupling)
* 6 mm standard tube stainless steel 316 L to 6 mBSCBRI7 intermediate tube section
* 6 mm standard tube 316 L to Swagelok weld coupling
6 mm standard tube 316 L to standard tube 316L

For each combination of materials a weld qualifaratis needed. The welds from different
material batches are considered to be a differatérial and require additional qualification.

3.5 Classidentification

All welds are classified as class B according to ®Adocument PRC0010. TTCS is a
pressurised system and therefore class B requitsraed methods for pressurised components
are applicable.
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4 Weld qualification

A weld qualification consists of the following s&ep
o Identification of optimum weld parameters
o0 Weld qualification
The weld qualification is performed on a total ok8ld samples.

Weld settings Number of welds Examination

Limit high heat input 3 1 cut sample (see Figure 4-1)
settings 2 normal samples

Limit low heat input settings 3 1 cut sample (see Figure 4-1)

2 normal samples

Nominal heat input settings 3 1 burst sample

2 normal samples

Total 9

Table 4-1: Qualification samples quantity overview

All samples shall be send to NASA (TBC) where thélbe subjected to:
» Visually inspection to the Class B acceptance rgaisen Appendix G.
» Liquid penetrant or magnetic particle inspectiortite Class B acceptance criterias in
Appendix G.
One sample of high heat and one of the low inpgutitisettings shall be cut as shown below as

Internal welds can be observed
with larger visual arvea.

Figure 4-1: Longitudinal cut sample examples
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shown in Figure 4-1 to check the class B critemi@ppendix G focussed on through welding.
One of the samples with nominal heat input settstgdl be subjected to a burst test. The burst
testing shall be done according to the test prasedquirements in Appendix J.

4.1 High and low heat input settings

The aim of the range of input settings shall behe order of +10%, but this is no hard
requirement. The flight hardware welds shall be enaith the nhominal power setting. In this
case the flight welds are qualified for power fustions in the welding apparatus between the
low and high limits.

4.2 Standard Weld samples

The weld samples shall be cut in the same way edlight hardware. A drawing of the weld
samples is shown in Figure 4-2. Design drawingsalbfweld samples types are shown in
Appendix H and I.

]
!
e

d - L0 k05 =
b

PART NO. Dia. A |Dia. B
-101 | 8 | 4 |
-102 4 | 24 |

Figure4-2: Weld sample example
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4.3 Qualifications summary
In the following table the required samples are mamnised.
56 Type | Hydraulic connector material to CRES347 5.6 mm OD N/A 9 3
4 Type Il CRES 347 to 316L 4mm OD (Microgroup batch) N/A 9 3
4 Type IIl 316L (Microgroup batch) -316L (Microgroup batch) N/A 9 3
4 Type IV 316L (NIKHEF batch) -316L (Microgroup batch) N/A 9 3
4 Type V 316L 6mm (Microgroup batch) to 316L Condenser manifold N/A 9 3
6 Type VI CRES 347 to 316L 6mm OD N/A 9 3
6 Type VI 316L 6 mm OD to swagelok weld coupling N/A 9 3
6 Type VIII 316L to 316L 6mm OD standard N/A 9 3
Table4-2: Summary of qualification samples
The inventory of the sample parts is shown in Tadk8
Hydraulic connector material (15-5 PH) samples
(QIFIP&P)
5.6 23 (9/8/6) 30
CRES 347 intermediate connectors 4 mm : I- ! (QIFIP&P)
4 32 (18/8/6) 50
4mm OD tube (NIKHEF batch) 316L
(QIFIP&P)
4 15 (9/0/6) >10 m|
4mm OD tube (Microgroup batch) 316L 2 f
(QIFIP&P)
4 56 (36/8/12) 6 m|
4mm OD machined tube 316L (condenser manifold batch) g4 T
S (QIFIP&P)
4 15 (9/0/6) 30
CRES 347 intermediate conector 6 mm ’#E ale]
sk = (QIFIP&P)
6 19 (9/4/6) 30
6mm OD tube 316 L by /
(QIFIP&P)
6 Gl 39 (27/0/12) 6m|
5
6 mm OD 6LV-6MMW-9 swagelok weld coupling 316 L ﬂ
[ 7'" [ (QIFIP&P)
6 17 (9/2/6) 30

Table 4-3: Sampleinventory
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5 Welding procedur e specification (WPS)

Process verification shall consist of visual ingf@ec and/or (non)-destructive inspection, as
described further in section 4 for weld qualificatiand section 6 for re-qualification. In
addition, at the appropriate time during the fadtian activities, the following items shall be
verified:

a. Verify that the welder is certified for the specifivelding operation (prior to welding).

b. Fit-up in accordance with the engineering drawipgof to welding for Class A

Pressure Containing Components).
c. A WPS exists (prior to welding) see section 5.1.
d. Compliance with WPS for essential variable rangiesifig welding).

5.1 Welding procedure specification (WPS)

The welding process shall be documented in a Wglgiocedure specification (WPS). The
WPS shall be reviewed by NASA before the productbrthe actual flight and qualification
H/W. An example WPS as will be used for TTCB wegplis shown in Appendix K.

5.2 Welding Procedur e Qualification Record (PQR)

Welding results (all qualification, re-qualificatip post and pre-weld sampled) shall be
documented in a Procedure Qualification Record (P@R example PQR as will be used
during flight qualification and flight welding iswen in Appendix K.
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6 Weld re-qualification

Re-qualification of welds will be performed in tfalowing cases:
* The weld system has been placed on a differentre{tpower source except when the
power supply has a means for internal power reiguat
* Major maintenance has been performed on the wefitelsy Major maintenance
includes replacement of the power supply, majoairepf the power supply requiring
entrance into the controller or transformer cahimeplacement of the weld head, or
replacement or change in length of any of the aatlenecting cables.

A re-qualification exists of the following steps:

* Weld re-qualification

Weld settings Number of welds Examination

Limit high heat input 1 Visual Inspection

settings Volumetric NDE

Limit low heat input settings 1 Visual Inspection
Volumetric NDE

Nominal heat input settings 1 Visual Inspection
Volumetric NDE

Total 3

Table 6-1: Qualification samples quantity overview

Re-qualification requires only 3 samples with sgiti and sequence as shown above. The
samples are subjected to visual inspection andwetiic NDE. The re-qualification results will
be send electronically to NASA and to NLR for apaio

If the requalification activities result in any walg parameter(s) deviations that exceed the
range specified in Table V of PRC0010 or AWS BZBpplicable, for that parameter, then the
level of testing in section 4 is required. Tablés\topied below.
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Table V - Essential Welding Variables
Variable # | Variable / Weld Type Range
Allowed
1 Power Source Model # None
2 Weld Head Model # None
3 Joint Configuration None
4 Groove Angle +/-5°
5 Nominal Tube Dia. None
6 Nominal Wall Thickness None
7 Material Type(s) None
8 Electrode Start Position +/- 60°
9 Preweld Cleaning Steps None
10 Allowable Joint Gap None
11 Tool or Shop Aid Identification None
12 Preweld Purge Time (1)
13 Postweld Purge Time (1)
14 Tube ID Prepurge Flow Rate or Pressure None
15 Weld Head Prepurge Flow Rate +/- 15%
16 Plasma Gas Flow Rate +/- 10%
17 Gas Composition/Spec. None
18 Electrode Travel Speed & Machine Setting None
19 Arc Travel Start Delay None
20 Total Weld Current On Time None
21 Weld Time @ Level or Circumference Interval None
22 Current Pulse Width (%) None
23 Current Pulse Rate None
24 Filler Material / Spec. None
25 Filler Wire Feed Speed +/- 50%
26 Consumable Insert Type and Specification None
27 Tubular Sleeve Spec. None
28 Background Welding Current None
29 Pulse Welding Current None
30 Electrode Type None
31 Electrode Diameter None
32 Electrode Tip Geometry None
33 GTAW Electrode to Work Gap (hom. setting) +/- 10%
34 PAW Electrode Position Setting (nom. setting) +/- 10%
35 PAW Orifice Size None
36 Minimum Preheat Temp. None
37 Maximum Interpass Temp. None
38 PWHT Procedure/Spec. None

Tabel 6-2: Essential welding variables
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7 Flight Welding

For welding of the hydraulic connectors tube wejdmth flow-through shielding gas is used.
The detailed integration weld sequence is desciibedction XX.

7.1 Tubewedding preparations

7.1.1 Cleaning and clean working

The welding and welding preparation of the tubind aomponents will be performed in a class
100,000 or better clean room environment. The flighhes and flight weld samples are clean
inside. Handling is focussed in avoiding contaniorato get inside and keep the tubes clean.
For cleaning on the outside Iso-Propyl-Alcohol (JRa#ill be used as it leaves no residue on the
tubes. Details of the cleaning are described e TRCS Box bending procedure AMSTR-
AIDC-PR-020.

7.1.2 Tubecutting

Tube cutting will be done according to the tubetingt procedure AMSTR-SYSU-PR-008.
Cutting will be done while filtered clean gas isviin through the tube. Special to the tube
cutting is to take into account (add) the tuberdtage during welding. Before cutting need to
add the welding shrink dimension. This dimensiors vested.

7.1.3 Prewed and post-weld samples
In order to assure the weld quality during the cletgpT TCB integration process each day:

* two pre-weld samples (for each weld type perforthned day)

» one post-weld samples (for each weld type perfortnatiday)
The pre- and post-welds are made according to tR&\Ahd examined and documented in a
PQR by NIKHEF. At the end of each day the filledbgedures and PQR’s are send to the
NASA weld specialist and the TTCS project leadenréview.

Pre-production anomalies

In case pre-production weld samples do not meetirements and no assignable cause for the
failure can be determined the welding activitiedl Wwe stopped at once. The TTCS project
leader at NLR, and the NASA weld specialist shallcontacted as soon as possible to discuss
how to proceed.
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In order to reduce the number of pre- and post-svakimuch as possible the same weld types
are planned on one day.

7.2 Weld equipment

Figuur 7-1: Swagelok welding system

The orbital welds will be made with a Swagelok/@éd)b M100 orbital welding system. The
system includes the following hardware:

- Welding head: Cajon™ CWS-5H-B

- Fixture block: Cajon™ CWS-5TFB

- Collets: Cajon™ CWS-5UCI-04mm

The on-line welding will be done with a micro weddid series 4 as shown in Appendix M.
Fixtures are available for 4 mm and 6 mm tubes
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7.3 Standard tube orbital welding with flow-through shielding gas

The standard tube orbital weld method is used fostrof the TTCB welds. The purge gas set-
up is shown in Figure 7-2.

Shielding Gas
Flow Meter

2-stage Regulator

TAARAARR

Internal
Purge Gas
Flow Meter

Secondary Solenoid
Bypass Plug

Inertt Gas

/ Internal Purge Gas
Shut-Oft Valve

SWS Fixtura Block

Secondary Solenoid
Bypass Plug

Figure 7-2: Purge gas set-up flow through

In Figuur 7-3 you find a typical weld sample.

Uinlmm 43
_I. —
F 1T 7 I ¥ y Ir I
L L | L! 1 I i I )
III
Loser weld detail ! GTAS orbital weld detail
{Scole 10:1} '1 {Scale 10:1)
- .
NN e
7 4 .;’\ WY
- -+ | | 1
fiCi—HH
7 = 7
\Jﬂ—fﬁ“—*"—_ L 4

Figuur 7-3: Drawing of a tube weld connection concept
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7.31 Main stepsfor welding with flow-through shielding gas
The main steps are:
1. Perform pre-weld test samples according to theiegdge WPS in Appendix L.
a. Use fixture to fix tube in line
b. Spot weld tubes together (specify spot weld) arcud@nt weld parameters
c. Purge gas with DP gage before welding
d. Perform welding
2. Document the weld parameters in PQR as in Appéekdix
3. NDE Examination of weld samples
a. If samples fulfil requirements
i. Document the weld sample examination results
ii. Proceed with flight welding preparations
b. If samples do not fulfil requirements
i. Find out cause of anomaly and report to TTCS PM
ii. If anomaly is well understood start with step 1 andtinue
iii. If anomaly is not understood stop welding and cenf@@ CS PM and
NASA weld specialist at once to discuss how to peat
4. Flight weld preparations
a. Document part numbers
b. Check material traceability and certificates
5. Perform flight welding
a. Use fixture to fix tube in line and/or components
b. Take picture of weld set-up
c. Purge gas with DP gage before welding
d. Perform welding
6. Direct after last weld of the same weld type perf@ost-weld sample
a. Use fixture to fix tube in line
b. Purge gas with DP gage before welding
c. Perform welding
7. NDE Examination of post-weld sample
a. If sample fulfils requirements
i. Document the weld sample examination results
ii. Continue with other weld type(s)
b. If sample does not fulfil requirements
I. Reportto TTCS PM and to NASA weld specialist
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8 TTCB and hydraulic connector weld sequence

The overall sequence of welding is as follows:

S
5. Off-line connectors welds to TTCB-S @CERN
a. Pre welds
b. 8 welds 316L (NIKHEF batch) to 316L (NIKHEF batchy)nm (to connect the
connectors to TTCB-S)
6. Off-line connectors pinch inlet TTCB-S & TTCB-P @RH
a. Pre welds
b. 2 welds Swagelok weld coupling to 316L (Dockweilérmm (with attached
connector(s))
c. 2 welds Swagelok couplings to 316L (Dockweiler)gtiimTCB) 6 mm
(TBC could also be online to better fit with thebket)
d. Post welds
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Yellow = off-line @ CERN

In the section 9 the purge set-up for the off-lave online connections to the TTCB’s are
shown. The TTCB fit checks are found in a sepaf#dit® of on-line AMS02 activities.

9 Purgeset-upsduring welding

In below pictures the purge set-up are shown of:
e TTCB-S off-line welds
e TTC-P off-line welds
e Condensers welds online welds
e« TTCB-P online welds
e« TTCB-S online welds

The following general rules are applied.
* All welds will be performed as flow-through type lde
» Downstream the weld no (major) hydraulic resistaiecg. pump) should be present
(This would influence the back pressure measuremettso a different weld situation
would be present than during flight and qualifioa)i



Pl < = R AMS Tracker
NLR) g INFN
g tuxy Loms Thermal Control

(NLR)

NJ—'D!E'; A‘ @ Subsystem

TTCB and condenser integration

Page
Doc.Id
Issue

Date

31 0f 57
AMSTR-NLR-PR-067
2.0

August 2007

9.1 TTCS-Soff-lineweds

Prior to making all the off-line welds the pumpentubes (from Wake condenser and from Ram
condenser) are coupled via a T-branch and connéztée purge bottle.
All other openings are closed and opened in amrat®mg way. After this excercise the tubes

will be mainly filled purge gas. The openings viné closed with kaptop tape.

Figure 9-1: Purgeinlet tofill the TTCB tubes before welding

Figure 9-2: Location of hydraulic connectorsto be welded

Figure 9-3: Purge set-up top evaporator connection

Figure 9-4: Purge set-up bottom evaporator connection
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10 Appendix A: Intermediate tube section to 316L D,= 4mm D; = 2.6 mm
-
)
/’/ -~
7 //
//’\. e
= @‘l e
4,762 = =
I 7
| 0
23.4
Material CRES 347
IR E
] TITLE WATER 1AL SIZENOTE 1.0, Wtk
Praject: TTCS - Tracker Themal Control System ; - Dat: Mame
Tiele Ao 3167 Weld ronnector | {8
Seal 1:1 Drawn B,
Sheet Ho: | Humber of sheets: |
wov.nikhet.n|cpub s depar trenismt projacts am SiTracker Pastaaript 85e a5 ps

Intermediate section to standard TTCS transpod s 4mm D = 2.6 mm.
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11 Appendix B: Intermediate tube section to 316L Dy,=6 mm D; =4 mm

~ 25,4 Q
~
A f12 [Sana (3:1)
! glal '
e
() als
| & 20
A
Parts List
ITEM QTY PART NUMBER DESCRIPTION
1 30 weld connector CRES347
Designed by Checked by Approved by Date Date
B van der Kolk 7-8-2009 |
National Aerospace Labortory NLR = —
weld connector CRES347 | 1/1

ZIS

Intermediate section to standard TTCS transpod iy 6 mm D =4 mm.
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12 Appendix C: Tube and material certificates

Dockweiler BV,
Hrachtenveld 53

ML - 3883 CD Zeewolds
NIEDERLAMDE

D-C-CKWEILER

TUBE S¥STEMS IM STAIMLESS STEEL
DOCKWEILER AG

An der Autobahn 10020
DE-19306 Meustadt-Glews

Mumber of certficate pages: 1

Certificate Advice Note

Your Order:
Your tem:

Material:

Cuality:
Cuantity:
Dockweiler-no.:
Job-no.:

Job-no. of prematerialis):
Heat(s):

Owr order no.:
Or delivery note no.:
Cur delivery item no.:

Deliverad on:

D&187 / 52150C
oo1

Tube G00x1.00 14404
Ra == 0,40pm { Ra{max.) <= 0.48um
TCC.1

5381m
P4E348
DE57E031

054754581
505204

AUFDTO4TERS
LFS07087082
001

Thin ecuma s wan ceated pledsacaly s v ] w o sgrake

"ae hiraetth ool Bl e produd asppd
Slatarent on 08 e sce 12 EK 7844
Crettad by TV Kiesl on e basin of

In conbone by e Iederann of e specfcation snd apresrreth i e e

#nane |, Secdion 4.3 Cerficale Mo OF 207 3437 T 080604

Soopa of sppd ceon. T-piecadincin 27 lates of musleeilc s Bameter 7170 rn, wal Bickaes 1.0-1 5

Cuta of suphy: Q20004

Satarent on wekling procedires i weldary’ seeTm
Epzemenl of weldirp proc by TOW Mard, Cad. Ko, [P0 D0GAT -0, Towt sarderd S7TNEC, ADG000 WP, EK 2383

Seoopa of sppd ceon: Darsater 3-078 e, weal Hickrean 07108 mm
Weldary' sourm by TOW-Nov2, Tan! wsndeed: 370EC, AI2000 WP, ENIE2-1 and ENWIE

pre-materal certificate 3.1 is atached
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FINE TUBES LIMITED Test Certificate Number
PLYMBRIDGE ROAD, ESTOVER, PLYMOUTH PL6 7LG 096422

Telephone: Plymouth +44 (0) 1752 735851

Salos: 44 {0) 1753 637216 ﬁﬂetubes

Custamer Order No. Customear Material Designation
P46346/05003578+001 R A N 10120 WERKSTOFF 14404 { $16L
Fine Tubes Reference No. 19306 NEUSTADT-GLEWE Form
GERMANY
206486 DRAWN SEAMLESS TUBE
Works Order No. Temper
T206486*1 Dimensions BRIGHTANNEALED 180HV{20HRB)MAX
Customer Part/Drawing 0.D. 6.0000 mm Quantity  1084.190 MTR
Wall  1.0000 mm
Pieces 181

DOCKWEILER 2250 'Di' ULTRON BASE
DIN 17458 ASTM h269/A213

[

Cast/Heat No.-505204

Melter SANDVIK
Extruder SANDVIK

[ Mo P S Si Ni 33 Mo Ti Al
% % i3 ¥ (3 i ¥ K % %
Tap 0.006 1.64 0.029 ¢.0112 0.34 1l.2 16.87 2.07 0.005 0,003
Co Tu NZ B Ca
% & % % %
Top 0.083 .31 0.061 c.ocog <0.0005
I _ o o Meghianical Properties E
Tensile 0.2% Froot 1% Proof % Elongation % Elongation Hardness Eardness HRE
Stzess (Rm) Strees  scress (Rpi1.0) an 5 65080 MY/E 6 Convercad
Xpa; iM2a) MPa)
520 279 3 50 S 74-178 76.1-78.5

6lE 277 31w 50 53
Do Tests Performed And Accepted

Intercrystalline Corrosion Satisfactory I/D Surface Roughmess Ra 0.18 &m

Flattening Satisfactory at 4 mm Material Verificatien Satisfactory
Flare Test Sacisfactory at 8 mm Eddy Current Test Satisfactory
/D Surface Rcughness Ra <08 a2m Visual Assessment Satisfactory

' i

i L - . Aaddi " Information” p
This material meets the chemical and mechanical property requirements of
ASTM A269, ASTM ARL3 average wall, ASME SA213 average wall and DIN 17458
Test Class 1.

Ennealed at 1040 degrees (.
Electric melted material.
KACE MR 0175-2003.

[ :.' R - Déi : R ]
Ceriified that, unless otherwise stated above, the whole of the Materials P DWW i
detailed hereon have been Manufactured, Tested and Inspected in accordance 1 bRy :

with the terms of the Cantract/Order applicable thereto, and fully conform

in alt respects to the Standard Specifications and:

BS EN 10204:2004 Type 3.1/ DIN EN 10204:2004 Type 3.1.

in accordance with PED 97/23/EC Regislration Number 04/202/2/430/0204027.

lan Dlne!
Quality Certification Representative 10/03/06

FM 05729 EMS41528

Endof Page 1 of 1

NIKHEF batch (TTCB side)
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4 mm OD stainless steel box standard tubing
Abnahmeprifzeugnis DIN
Inspection Certificate EN 10204/ 318B Zeugnis - Nr. 23277
UTHSFM Feinmechanik GmbH, Stestsstrasss 5, D-97773 Aurs Kundenauftrag:
Your ordar 20030089 vom 2002
Merinox B.V. Unser Auftrag o
Postfach 23 Our order, CF000880
Lieferbedingung
NL—MQ Nb‘ﬂm erms of Delivery Lt. Auftragsbestitigung
| Lieterzustand: o 7
Deitvery state gegliht
L . | Besondere Vereinbarungen:
Pruf enstand: Nichtrostende Ronre | Rohriormieile Special terms:
Biact Siainless clee Nahtioss Rohre gem, DIN 17458 Pk. 1, suler Punkt 5.3.2
Werkstoft: —{und 6.3 1.8 (Verwechshungsprifung)
Mataria 1 4 nantics
Position Menge: Abmessung (mm) Toleranzan
fern Quantity sze (mm) Tolerances
2 1298kg = 4,00 mm Ad. x D4
2%m 0,70 mm Wdd. T
Mechanische Werte | Mechanical Properties
Position | Zugfestigheit Streckgrenze Debnung | Hirtepritfung | Dichtheitsprif. | Rauhighkeit.
Item Tmsﬂoﬂmm Yield strength Elongation | Hardness Leak proof test | Roughness
Rm Nimm® ApO2Nmm’ . |% Viokeis 0.5 bai my p—
1 568 318 56,86
2 n 65,07
Chemische Zusammensetzung des Einsatzmaterials Schmelz - Nr.: 453768
Chemical composition (according to works certificate of steel mill) Cast No.:
(+3 1 Si% Mn % P% 8% Cr% Mo % Ni % Ti% Fe% Al % N% Cu%
008 0300 | 1700 | O032| 0008 1701 206 | 1138 0083 | 030
Ringaufdarnversuch:
Ring eopansion lest.
Kennzeichnung:
Marking:
‘Sicht- und Makontrolle:
\isual rspection and contrl of dimensaon. oB
Andere Prufungen. UTI-SFM Feinmechanik GmbH
Omer tess Zertifiziart nach DIN EN |SO 8002 1994
Qualitatsstelie
$777TI Aura, 16.05.03
| \
e m——
mmu*ummh%mﬁnthm befunden wurden.
t i cortified that the Wbing istad a8 above has been iBsied in accordance with the terms of delivery and found satisfactory.

VD-85-3(Q8) Anderung: @ Elebaroniach arstelies Formuisr

NIKHEF batch (TTCB side)
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W ]
MicroGroup, Inc. MICI‘OGI‘D I.lp
7 Industnal Park Road W, D CTOET O OO
Medway, MA 020531732 Certification Groug: 14620
P 508-533-4925 / 1-800 ALL-TUEE Cortification: 14520
Fx 508-533-5601 e Py
MG Order:  MCH{SE24-1
Casiomer: CEFN Comt D P: - Ilamanal Claom Foomuge
Address 1: BULLTNG 267 ABG Feen:  BMAT-CIEANFT
Addiress ¥ OFFICE: B-75 RIG Job:  CTOOO0S3I21-0
City: CETEX Dige; (3262000
ProvsT: - Miamfacheed Lat: S46550
TipPostal Code: F-OLE31 Nlsderial Tieen: 3 LEF100MN0ZESL
Material Loc:  ROCONGH0002078
Certification of Compliance / Material Qi 25000

W harehry cortify Sor all the thorme = the thipment hoe boan produced. mepecmd and fiund to e m complisncs with the spplicible damings, militry wpociScasions andior
stenderds, amd prochons crder roquiremeet, AL Socmmers wtilived wore to the revision iSarsifed i the purchass ordor or a5 spocified by the buyer. Subshetaing record: ama

oz flo subject 0 reviow 1pon Toqae.

Whers mpplicabla, Mhonogmoap alve cortifics thar S baat mombor, amd anshas domiled horsis ar corract 23 conerined in o reconds of this Corporation. Bocauss the
MBcpolGroup ks ne comtrol over the: mibsequeet processing of prodect spplication. the Mecrolroep axpresaly disclainm, any and all opmessed or implied warnnty othar Som the
“wammanty bamin st fors balow. Snch Euclaimms inchude wathour Erstytion. warramty. ar Sness for particular purposs amd warnaty of wodern i

e . T e S it Qualty Control Supervisor
Mark 5. Hmdley
FPhyzical Properties:
Mdas'l Grrde Mz Tope Category Cazge ™5 Schedule L Grade SurfCond
Siniog Steal 116 Ggamlons Fractioml Y Birighe
OD Kax OD Aiin D Alex ID Afin Wall Alax Wall Am 0D Finizh ID Finich Lenprl:
Dl G150 Q072 D.n2es
Chemical Properties:
Ch Ain%s P 5% Si%e File Crie 5%y
00200 L7300 00310 D50 Q37 123000 16,5700 2070 21700
Tits Chbe Cata Alth L ] Fela Diherty Onlerty Hears
0.0000 ehicen] 0000 o Q.00ET VOOSHT
Mechanical Properties:
Tlomste Tensile Vel Serenpts Elomzasion b
Temper (PST) ] Hardnesz i 2" Fmbrittlemen: | Eddy Corr Bemd Eev Bead
Annsaled TELM.00 J1o00 00 3o T
-
Specifications:
ASTAL ASTAD ASTAL AR ANEET AMES AOLTI AMITT? AMILTR
ATGE-08 A213-994
Addinonal Comments: Country of Origin:
PARTS HAVE BECN PICELED Abmmfscmrmg:
PARTS HAVE EFEN RINGED WITH DIONIZED WATER.
Mlele Semrce:
Created Br- pananitkis

Microgroup batch (transport tubes side)
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13 Appendix D: Hydraulic Connector material certificates

Parker Aerospace-Stratoflex Division

MATERIAL CONTROL LABORATORY
2575 West 5th Street

Jacksonville, FL. 32254
Phone: (904) 389-3400

DATE  9/26/2007 MCL# PB 7270
PO. 361 " HEAT  G12673K10

SIZE/PART#  9/16" DIA

SPECIFICATION AMS 5659L ( 15CR-5NI
HEAT TREAT RES386
MATERIAL CODE

RECEIVER 0006834

IBM NUMBER 1506802036
TEST REPORT/CERTIEICATION QUANTITY 48 IN.

The test report/certification supplied with raw material have been reviewed by Parker/Stratofiex Quality Control
and meet the requirements of the above referenced specifications.

Addtional Heat Numbers and Quantities

Receiver: 0006834 Qty: 48 Receiver: Qty:
Receiver: 0014749 Qty: 48 Receiver: Qty:
Receiver: Qty: Receiver: Qty:
Receiver: Qty:

TESTS PERFORMED ¥ Domestic Material

Hardness:
.l STRATOFLEX ROCKWELL:
["] SUPPLIER ROCKWELL:

Notes: WAS MCL PB 7255 THAN WAS HEAT TREATED PER RES 386.

PERIODIC CONTROL:

This material has undergone scheduled periodic control by an approved, independent laboratory  IAW OP-08-05
and test results confirm compliance with the above referenced specification.

| hereby certify that the above information is true.
APPROVED FOR RELEASE Wi i

EXHIBIT 3-FORM 33 MCL TECHNICIAN
Craig DeHaan
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Braddock Metallurgical, Inc.-Jacksonville Order No.: 65282
Date: 05/07/2009

Ccrtlficatlon Entry Date: 04/10/2009
To: Page: 1 of 1
PARKER STRATOFLEX _
25758 WEST 5TH STREET Purchase Order No.: 05381
Packing List No.:
JACKSONVILLE - FL 32254 ] Material: 15-5 PH

We certify that the listed Parts / Material were {reated as follows:

Quantity | Part Number / Part Name / Part Description ] Pounds
2 RES388REVC 5
LOT 1506802036
9/16" RND. STOCK
Total Order Quantity: 2
- Total Order Pounds: . 5

" AMS2759/3E RES 386 REV.C
insp. Type Scale Minimum Maximum  Number ' Other
Customer Requirements:

Hardness HRC 34. a7.

Tensile KSI 145,
Yield KS| 125.
Elong Pct. 13.
R. A. Pet. 45,

Resulis;
. Hardness HRC .34 37. PASSED

Tensile  KSI 160. PASSED
Yield  KsI 1867 . PASSED
Flong  Pet. 18. 7 L PASSED
R.A. Pct, 66. .~ PASSED

Pieces were aged to condmo(x H1075 m)fumace# 15 at 1075 F (+/-10F) for 246 minutes. Per AMS 2759/3E , RES 386 REV.
G and your purchase order. ™ .-

ALL KS1 VALUES HAVE BEEN CONVERTED TO HRC VALUES PER ASTM A 370.

7 p .
o/ ) . s
(A (e (0 s r//‘ / Ui josg

Goadons Lo Fowreq ¢
Quality Assurance
Braddock Metatlurgical Co. Inc. of Jacksonvitle

14600 Duval Place West  Jacksonville  FL - 32218 Phone: §04-741-4777 Fax: 904-741-4813 )

RTINS
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Braddock Metallurgical, Inc.-Jacksonville Order No.: 54303

Date: 09/25/2007

Certlﬁcatlon Entry Date: 09/24/2007
Page:
To: ge: 1of 1
PARKER STRATOFLEX
2575 WEST 5TH STREET Purchase Order No.: 00361
Packing List No.:
JACKSONVILLE FL 32254 4 Material: 15-5 PH
We certify that the listed Parts / Material were treated as follows:
Quantity | Part Number / Part Name / Part Description Pounds
1 RES386REVC 5
LOT 1506802036
9/16" X 48" ROUND STOCK
Total Order Quantity: 1
Total Order Pounds: 5

AMS2759/3D RES 386 REV. C

Insp. Type Scale Minimum Maximum_  Number  Other

Customer Requirements:

Hardness HRC 34. 37.
Results: . )
Hardness HRC 34,5 345 e PASSED

Pieces were aged to condition H-1075 Per RES 3858 REV C / AMB2758/3D in furnace#10 at 1075 F for 245 minutes.

PB72£5

Quality Assurance
Braddock Metallurgical Co. Inc. of Jacksonvilie

14600 Duval Place Wesl Jacksonvile  FL 32210 T Blene: G04-741-4777 Fax: 9047414813
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Parker Aerospace-Stratoflex Division

MATERIAL CONTROL LABORATORY
2575 West 5th Street
Jacksonville, FL. 32254
Phone: (904) 389-3400

DATE  9/13/2007 MCL# PB 7255
P.O. 3236 HEAT G12673K10

SIZE/PART#  9/18"

RECEIVER 0006637 :
SPECIFICATION AMS 56591 (15CR-5N1 )

HEAT TREAT

IBM NUMBER 1507602036 MATERIAL CODE

TEST REPORT/CERTIFICATION QUANTITY 144 IN,

The test report/certification supplied with raw material have been reviewed by Parker/Stratoflex Quality Controf
and meet the requirements of the above referenced specifications.

Addtional Heat Numbers and Quantities

Receiven Qty: Receiver: Qty:
Receiver: Qty: Receiver: Qty:
Receiver: Qty: Receiver: Qty:
Receiver: Oty:

TESTS PERFORMED ¥ Domestic Material

Hardness:

7} STRATOFLEX ROCKWELL:
i1 SUPPLIER ROCKWELL:
Notes:

PERIODIC CONTROL:

This material has undergene scheduled periodic control by an approved, independent faboratory 1AW OP-08-05
and test results confirm compliance with the above referenced specification.

| hereby certify that the above information is true.
APPROVED FOR RELEASE v

EXHIBIT 3-FORM 23 MCL TECHNICIAN
Ken Britt

A
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460478 DUNKIRK SPECIALTY

FaY 7163 STEEL

punkirk Speciaity steel, LLC

A unversel Rpirfess & Aoy Prody =1 {omniny
p.0. Box 319
030 Brigham Rd.

Dunkirk, NY 14048

[PESUVINEATY

150 9001:2000
Registered Quality System

e

TP T ST _—-’;"-—M—J‘—fﬁw.——ﬂrijsf 1
ER 8 . T f 1
P ﬁf«?ﬁm Zgéslim Material certification
r.0. HOMBER 0'1-‘13105 y.0. PATE! 2/28/2006 PRINTED 3/23/07 09149
— S . — R —
kg X%, GraTLE B CO, E] T ERBTLE & CO
o T 3400 W. WOLF ROAD I 4400 NORIR VoLF ROMY
L © t 0
b b4
FRANKLIN BARK, TH c0131~1394 JRIKLIN PARK, I 60131
y e et ST et
CETRRLEES GROTD Sy hoea-08 (6P

PRy
~5 BT APOIAR SoLoTioN FRHENLED

56 S1BB00

e B65SLITYRR 1)

R ey S
Vatoriak Dascxipriont STALNGESS ETERL ROURD BAR 15
HWe12 aoxution wreated ). Castle ANC 31585-01 R, L2 ma 2300K (eowi!.uon Py, UM
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14 Appendix E: Intermediate CRES 347 material certificate

To be scanned and copied
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15 Appendix F: Condenser manifolds material certificate 316L

SPiA GONF ORNE |
Ao ORIGINALE

b

©

Rodacciai

ATTESTATO DI CONTROLLO - Test Report N. 03916/ 8 Data 14/05/08
Secondo Necordiflg EO < v o Wi v om s 5 5 s . . EN 10204:2004 2.2
CLIENTE. - Cmatcxua;cu,_ b
4 Bl - LOC. SODI §. SABINA
anre MR see, PG/ 0, 2If, 11 ;5'% VIA A. PANZINI 12/18
i 06132 ELLERA UMBRA PG
1

0 D.d.T. - Delivery note
N. N. 03916/15 Data 14/05/08
PESO KG 8,0
LUNGH.BARRE 3.000 - 3.000

QUALITA' - Grade

NORMA EN 10088-3:1995 X2CrNiMol7-12-2 WNr 1.4404 / 316L

NORMA EN 10088-3:1995 X5CrNiMol7-12-2 WNr 1.4401
Sigla RODACCIAI SEUBEIRLE (op et ISR PTG
CORBTAR- cHeaEll ml wiem e soliamiamps « s o & 936195
PROFELO = Shaped & o d. 0 a0 0 a0 U PONDO
DIMENSIONE - Size . . Sl e e i i 20800
ESECUZIONE - Form of dellvery 5 i e P BIER SRR

ANALISI CHIMICA DI COLATA - Cast analysis

7 Mn Si 8 P Cr Ni Mo Cu Co
0024 -1 See0ea 0,300 - 0,025 0,633 16,600 10,1500 2,000 0,290" 0, 160
N

0073

CARATTERISTICHE MECCANICHE ALLO STATO DI FORNITURA
Mechanical properties of delivered material

Limite Elastico Rp (0,2) (MPa) 527, 8
Carico di rottura Rm (MPa) 729 ,6
Allungamento a rottura A5 (%) 31,6

8i attesta che il materiale della presente fornitura

e' conforme alla prescrizione d'ordine e ad ogni altra specifica
concordata contrattualmente con il cliente.
Certificato generato da un sistema informatico ¥ PO ot TR
secondo la norma EN 10204, valido senza firma. j g

B ol 1 T;l Qﬂ?:‘ y
d / e b WA 0016942 0540
MERICAT srl - Via A. Panzini 14/18

Tel. 075.5179441 r.a. - Fax 075.5179444
1016342

06132 Santa Sabi
w.mericat.it - e

R.E.A. 96486/Pg - Capitale Sociale € 774.690,00

il: mericat@mericat.it

Codice Fiscale, Parita I\V.A. e Registro Imprese
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16 Appendix G: Acceptancecriteriafor Class B pressure containing components

SURFACE INSPECTION ACCEPTANCE CRITERIA -CLASS B -

Pressure Containing Components

Size and Appearance
of Groove Welds

Minimum size as specified on drawing. If profile requirements are not specified
on the drawing, the weld shall be convex with a maximum reinforcement as
stated herein. Any profile is unacceptable where the weld to base metal
transition forms a sharp notch or reduces the base metal thickness (T) beyond
the minimum specified on the drawing.

Size and Appearance

Minimum size as specified on drawing. If profile requirements are not specified

of Fillet Welds on the drawing, the weld shall be flat or slightly convex with a maximum
reinforcement as stated herein. Any profile is unacceptable where the weld to
base metal transition forms a sharp notch or reduces (T) beyond the minimum
specified on the drawing.

Cracks None allowed.

Undercut Undercut shall not exceed 15% of the total weld length. The depth of any

undercut indication where T < 0.035", undercut shall not exceed 10% of T.
Where T is >/= 0.035" and </= 0.09”, undercut shall not exceed 15% of T or
0.0107, whichever is the lesser. Where T > 0.09”, the depth of undercut shall
not exceed 0.015".

Pores or Voids

The maximum diameter shall not exceed 0.02” or 1/3 of T, whichever is the
lesser. Indications less than .010" in diameter shall not be considered.

Weld Face or Root

Concavity shall not exceed 15% of T or 0.015", whichever is the lesser.

Concavity or WM

Thinning

Overlap None allowed.

Misalignment Misalignment shall not exceed 15% of T or 0.025”, whichever is the lesser.
Peaking Weld joint peaking shall not exceed a total of 5 degrees.

Weld Face or Root Reinforcement, or melt-thru, shall not exceed 20% T or 0.06", whichever is the
Convexity lesser.

Surface Discoloration

A black - brown color is not allowed.

Surface Roughness

Surface finish of welds and adjacent material resulting from processes used to
remove weld reinforcement and otherwise shall not exceed 63 microinches.

General
Workmanship

Weld deposits, face and root reinforcement and adjacent base metal shall
display a smooth and uniform appearance. The weld toes shall blend smoothly
into the base metal without unfused overlaps or undercut exceeding that
specified.
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17 Appendix H: Weld sample drawings connector dummies

03,30

Material CRES 15-3PH

rd \ - .
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,/ - Prajack: TICS - Tracker Themmal Contral System E < late Mare:
{,/ 7 titte: Dynotuba connector HE
N - =
{,7< v weld test dumm L=
IQ\\ ‘//J'/ e L
\\-’H 1 - Cate x—1-2003 5 2]
IR e
&+ Ripas B sneet wo: | tumoer or sneets: 1

[I]]H]]" I Ibtp: < evw.nikhenl b departnants i prajec b ams Si Tracher Postaar ipk 454 45 ps

For the weld qualification of the intermediate metiethe samples are exact copies of the flight

parts as shown in Appendix A and B.
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18 Appendix I: Weld sample drawing transport tubes
W iGN AT7_52-000] !':.n_ 01 |-.tu I
REW 1310 HISTORY
REV | DESCRIFT IO | oae [ meemoven |
-lr,r'-'.-;'.'.-}" -.________s-"r-.":.-_-.
{o.03]
‘,_
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LA - S I T
(102 24 |
WANLESS OTHERW | BE SPECIFIED
DIMENS IONE ARE M MM
L IMNESR =AW &Y T s ey Y —
TELERBHCES = - C.C. YEH @ D | apmenit, Corporat | or
B AR TOLERANCES 40" 30 rEEiI':;E!'_:' e 1270472007 A I D c Talchung, Talwans, R.OC
AL MACHINED SURFACE 3’6/_ T — 1270072007 D_‘rl_“hu _I I_'_t . o
THIRD AMGLE PROJECT |ON WM, HSY ORBITAL WELOING TEST TLEE
SEE P SHEET FOR PARIS LIST AND
_@ 6 SPECIFIC NOTES 53‘:[ ._f_;lI‘EIa?:;E ||..-..f3 g‘-lF 55_000| eV
5 ‘:it_‘l: [FH'-J_I.’:{L:. EL’N?;ﬁ. CARD FOR = 57545 : 22 =000 e
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+ FRM-CR- | 72
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19 Appendix J: Burst test requirements TTCB weld sample tubes

For the structural verification a burst test needé¢ performed. The following is copied from
the AMS structural verification requirements docuatne

B1: Where “MDP” stands for “Maximum Design PressutDP for a pressurized system shall
be the highest pressure defined by the maximurafnetessure, maximum regulator pressure
maximum temper ature.

B2: The “Ultimate pressure factor” is a multiplyifeictor applied to the MDP to obtain ultimate
pressure. Pressurized components are to be desmtielfollowing factors of safety.

Table:
Lines and fittings: Burst Proof
Diameter <1.5” 4.0 15
Diameter =>1.5" 2.5 15
Other components 2.5 15

For the TTCB burst sample test it follows that thst test need to be performed for 4 * MDP.
The MDP for TTCS = 160 bar meaning the burst pressiill be 640 bar for the tubing.

The burst test can be performed with a Swagelolplooy (with stainless ferrule) closing on
one side of the weld sample and a connecting aogigWith stainless ferrule) on the other side
to apply the pressure.

Figures of the configurations are shown on the page.

Pay attention to personal safety aspects and perform the test such that no connector can

be bulleted around the area.

For the weld-coupling to weld coupling type of w&laveld additional tube to the connectors to
be able to perform the burst test. Drawback is $hatelds need to perfect but this is the most
straight forward way to perform the test.

Acceptancecriteria

1. He-leak tightness before burst <1*lfbarl/s (or 0,9708*1Batm cc /s)

2. The burst sample shall withstand the burst pressure

Documentation

1. Document pressures

2. The burst sample deformation shall be visually étspd and documented (photographed)
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Burst sample configurations

Figuur 19-1: Typetube-tube weld
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20 Appendix K: PQR

YOUR COMPANY/ORG name goes here Page 1 of 2
ORBITAL TUBE GAS TUNGSTEN ARC WELDING
PROCEDURE QUALIFICATION RECORD (PQR)

PQR Number Revision Company / Organization

Welding Process(es)—_Automatic Orbital Tube Gas Tungsten Arc.

Supporting WPS no.(s)
BASE and FILLER METAL :

Material number Group to Material number Group
Material spec., type, and grade to Material spec., type, & grade

Base metal thickness range GAS :

Pipe / Tube diameter Wall thickness Torch gas(es)

Filler metal F No. —___ AWS Class & Spec. % Composition Flow Rate
Consumable Insert, AWS Class & Spec. Prepurge Time Postpurge Time

Backing gas(es)

WELDING SET-UP :
Power Supply (Model)
Weld Head(s).
Joint Position(s)

% Composition Flow rate

Prepurge Time Postpurge Time

PRE and POSTWELD HEAT :

Tungstentype___________ Diameter___ Arc gap
Tip diameter Tip angle Preheat temperature minimum
Weld direction Pulse Mode Preheat temperature maximum,
Interpass temperature minimum
Interpass temperature maximum
WELD SETTINGS Postweld HeatTreatment
Start current (amps) Upslope (sec.) JOINT DESIGN :
Level Slope Time (sec.).__________ Downslope (sec.) Joint type
StartDelay (sec)______ Override (%) Groove angle Radius Land
Finish Current (amp) Fixture Speed (RPM) Root opening Size of fillet
Weld Timer (on/off) Step Mode (on/off) Socket weld pull-back
Wire Mode (on/off) Finish Current
SKETCH - 0.030"
Electrode
NOMINAL HEAT INPUT CONDITIONS : Standoff
0.035” wall

Weld | Allowable Current (amps) Settings
Level Time HIGH LOW
Number (sec.)| +5% Nominal -5% | Nominal

Pulse Pulse
Rate Width l

(pps) Nominal

FF T TTTTFTTF FFTTTFFTTF.FF
T AT FFFFETs F T T T TTTTrs
100%
Penetration
TECHNIQUE :
1 | |
304L 304L

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the requirements of
the NASA / JSC PRC-0010.

Qualifier : Reviewed by :

Date : Approved by :
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PROCEDURE QUALIFICATION RECORD ( PQR) for Page 2 of 2
ORBITAL TUBE GAS TUNGSTEN ARC WELDING

PQR No.
TENSILE TEST SPECIMENS :
Type : Tensile specimen size : Area:
Groove () Socket Lap wifillet ( )
Tensile test results : (minimum required UTS : psi)
Specimen No. 0.D.,in.®@ Wall Thkns, in. Area, in Max Load, Ibs Fiu» PSi Type Failure/Loc
GUIDED BEND TEST SPECIMENS - SPECIMEN SIZE:
Type Result Type Result
MACRO - EXAMINATION RESULTS :
IMPACT TEST SPECIMENS
Type : Size :
Test temperature :
Specimen location : WM = weld metal; BM =base metal; HAZ = heat - affected
Test results : zone . .
Welding Specimen Energy absorbed Ductile fracture Lateral expansion
position location (ft. - Ibs.) area ( percent) (mils)
IF APPLICABLE RESULTS
Hardness tests: () Values, Acceptable () Unacceptable ( )
Visual Inspection ( ) Acceptable () Unacceptable ( )
Torque ( ) psi Acceptable () Unacceptable ( )
Prooftest ( )  Method Acceptable ( ) Unacceptable ()
Chemical analysis ( ) Acceptable ( ) Unacceptable ()
Non-destructive exam ( )  Process Acceptable ( ) Unacceptable ( )
Other Acceptable () Unacceptable ( )
Mechanical testing conducted by (Company) Lab No.
We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the requirements of
the NASA / JSC PRC-0010.
Qualifier : Reviewed by :
Date : Approved by :
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21 Appendix L: WPS

YOUR COMPANY/ORGANIZATION NAME goes here

ORBITAL TUBE ARC WELDING PROCEDURE SPECIFICATION (W PS)

WPS Number Revision
Supporting PQR no.(s)

Company / Organization

Welding Process(es)—Automatic Orbital Tube Gas Tungsten Arc.

BASE and FILLER METAL :

Material number Group to Material number Group
Material spec., type, and grade to Material spec., type, & grade

Base metal thickness range GAS -

Pipe / Tube diameter Wall thickness Torch/Head gas(es)

Filler metal F No. AWS Class & Spec. % Composition Flow Rate
Consumable Insert, AWS Class & Spec Prepurge Time Postpurge Time

Backing gas(es)

WELDING SET-UP :
Power Supply (Model)
Weld Head(s)

% Composition, Flow rate

Prepurge Time Postpurge Time

Joint Position(s)

PRE and POSTWELD HEAT :

Tungstentype_____________ Diameter—___ Arc gap

Tip diameter Tip angle Preheat temperature minimum

Weld direction Pulse Mode Preheat temperatue maximum
Interpass temperature minimum
Interpass temperature maximum

WELD SETTINGS : Postweld HeatTreatment

Start current (amps) Upslope (sec.)

Level Slope Time (sec.) —___ Downslope (sec.) JOINT DESIGN :

Start Delay (sec.) Override (%) Joint type

Finish Current (amp) Fixture Speed (RPM) Groove angle Radius Land

Weld Timer (on/off) Step Mode (on/off) Root opening size of fillet

Wire Mode (on/off) Socket weld pull-back

NOMINAL HEAT INPUT CONDITIONS : SETUP SKETCH -
Weld | Allowable Current (amps) Settings| Pulse  Pulse
Level Time HIGH LOW Rate Width
Number (sec.)| +5% Nominal -5% | Nominal | (pps) Nominal
1
2
3
4
TECHNIQUE :

Joint cleaning

Other

We certify that this welding procedure and schedule were qualified in accordance with the requirements of NASA / JSC PRC-0010.

Prepared By Org. Date

Approved By Org.

Date
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22 Appendix M: Swagelok Micro-weld head series 4

www.swagelok.com

Orbital Welding System
Micro Weld Heads

Series 4 and Series 8
B Available for tube outside diameters ranging from 1/16 to 1/2 in. and 2 to 12 mm
W Features a compact size for easy access to confined welding areas

m Weld head includes arc gap gauge, centering gauge, micro fixture tool, tool package,
and tungsten electrodes

Swosdd
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2 Orbital Welding System—Series 4 and Series 8

Features
B Miniature design permits access to confined welding areas Series 4
B Optical speed control—no tachometer or calibration required B For weld joint outside diameters of 1/16 to 1/4 in.
B Improved productivity from the ability to set up one fixture and 2to 8 mm
while welding with another fixture ® Rigid- or flexible-drive weld head for ultimate versatility
Series 8
B For weld joint outside diameters of 1/8 to 1/2 in. and
3 1o 12 mm
Technical Data
Weld Joint Weld Minimum Minimum Maximum Maximum
Nominal Outside Head Axial Clearance | Radial Clearance | Average Weld Welds
Diameter Series in. {mm) in. {mmj Current per Hour
s to Y b, 4 0.84 (21.3) 30A 1010 129
i 0.490 (12.4) T .
1/8to 1/20n; ) ’
310 12 mm 8 1.00 (254§ 38A 122

(I Based on welding 1/4 x 0.035 in. 316L tubing.
2 Based on welding 1/2 % 0.049 in. 316L tubing.

Dimensions
Dimensions, in inches (millimeters), are for reference only and are subject to change.
Series 4 Series 8
049 __ .
Rigid Drive with w2 Ll p2489) Weld Head
Motor Module to cantar with Fixture
of electrode

1.3 045 1 D93
- 02401

I"{aa.-e]' - ova T- (22
(208 1o center

4l el ! of electrode PN
Fixture aifia Rigid-Drive L o 400 ! Fixture
o Weld Head ] oz b L .
1.10 \» MG -
zre | i
- ; 5

RO.84 .
(21.3) 1.70_] | .
al [431) R1.00
(25.4)
\ La .30?(3_ I /

3 L 1.40 o et i
e [35.6) - [ rg:
(20.0)

2 &)
190 Flexible-
(48.2) Drive
i Weld Head =] Weld
T Head
1.80
(45.7)
— 2860
(86.0)

e =
% 1.80
{45.7)

Motor . 6.00 1

Maodule {152y 20

{305)

Swonddv
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Orbital Welding System—Series 4 and Series 8 3

Series 4 Flexible-Drive

Ordering Information
Weld Head

Swagelok® Series 4 and Saries 8 micro weld heads are
shipped with an arc gap gauge, centering gauge, tool
package, fixture tool, assorted electrode packages, and
user's manual.

Micro Weld Heads

Weld Head ‘Ordering
Series Drive Number

Rigid SWS-4MRH-B
Flexible SWS-4MFH-B
8 Rigid SWS-BMRH-B

Series 4 Rigid-Drive
Weld Head

Series 8 Weld Head

Motor Modules

B Only one motor module is necessary to operate either
series weld head model.

B Has polarized power connectors to ensure proper weld \
head/power supply connections w

Description Ordering Number
Motor module SWS-M-MTR-B Motor Module

Micro Weld Head Fixtures

B Front-load scissor action provides access to confined
areas for close-coupled welding

B Cantilever design fixture collets compensate for tube )‘

outside diameter variations of + 0.005 in. (0.13 mm) M

B | aser-inscription on the fixtures assists user with parts -
orientation 4

| | Spllit-base design provides component alignment i?;':;: s;_:;:::;:
adjustment
Weld Joint Nominal Weld Joint Nominal
Outside Diameter Ordering Outside Diameter Ordering
in. Number M Number
Series 4 Weld Head
1/16 SWS-4MFB-01 2 SWS-4MFB-2MM
1/8 SWS-4AMFB-02 3 SWS-4MFB-3MM
3116 SWS-4MFB-03 4 SWS-4MFB-4MM
1/4 SWS-4AMFB-04 6 SWS-4MFB-6MM
Series 8 Weld Head Series 8 Weld Head
1/8 SWS-8MFA-D2 5 SWS-BMFA-5MM
144 SWS-BMFA-D4 6 SWS-BMFA-BMM
3/8 SWS-BMFA-06 8 SWS-BMFA-8MM
142 SWS-BMFA-D8 9 SWS-BMFA-GMM
10 SWS-8MFA-10MM
1 SWS-BMFA-11MM
12 SWS-BMFA-12MM

Swaeddv
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Accessories :
Arc Gap Gauges Bench Mounting Brackets
Swagelok arc gap gauges - . Swagelok bench mounting brackets
position the electrode attach rigid- or flexible-micro weld A= X
precisely in the rofor for heads to a work bench. The e S /
repeatable welds. The easy- Series 4 bracket features a it
to-use gauge helps eliminate quick-release mechanism L
errors associated with sight Soties | | Omdering Mianber for convenient operation. -
and feeler gauge adjustments. . CWSAMAG -
One arc gap gauge comes Series | Ordering Number
with the weld head. 8 i 4 CWS-4MBB

8 CW5-8MBB

Centering Gauges
The mi_c:ro weld head Weld Head
centering gauge ensures Extasision Cabie
accurate centering of weld
components in the micro Swagelok weld head
fixture. One centering gauge extension cables, in
comes with the weld head. combination with the
standard motor module,
Series | Ordering Number provide weld head
4 CWS-4MCG operation of up to 50 ft

8 CWS-8MCG 20} ey Tramthe Extension Ordering
power s_upplj,f. Cables Cable, ft (m) Niumber
are available in lengths 125 @8 | SWS-WHEC-B12.5FT
H H of 125and 375 ft (3.8 B '
Mfcro Fixture T°°_| o and 11.4 m). ( 37.5 (11.4) | SWS-WHEC-B-37.5FT
This tool engages the fixture
latch for easy opening and G|N
of the micro weld head fixture. One micro . Tungsten Electrodes
fixture tool comes with the weld head. Swagelok electrodes, i L [
available in packages of ¥
Description Ordering Number ten, provide consistent, D&5
Micro fixture tool CWS-MFP-FIXTL repeatable welds.

Electrodes consist of

Cooling Plates 2 % ceriated tungsten, axially ground to rigid specifications.

Swagelok cooling plates quickl
absogrb heat awz?yarom tﬁe ! ﬁfﬂd:;n;g;n;g?l ng:?&“ m& Ordering
micro weld head fixture and in. mm in. (mm) in. fmm) Number
components after welding. Series 4 Weld Head
Saite | Orbaring Hkmmiiar g W 0040 oy |2408 1109 OWS-C.040-405-P
4 CWS-aMCP 1/4 6 0.325 (8.26)| CWS-C.040-.325-P
B ENS MG Serles 8 Weld Head
1/8 3,5 0.450 {11.4)| CWS-C.040-.450-P
1/4 6,8,9 0.405 (10.3)| CW5-G.040-.405-P
0.040 (1.0)
/8 10, 11 0.325 (8.26)| CWS-C.040-.325-P
112 12 0.281 7.14)| cCWS-C.040-.281-P
Safe Product Selection Warranty Information
When selecting a product, the total system design must Swagelok preducts are backed by The Swagelok Limited
be considered to ensure safe, trouble-free performance. Lifetime Warranty. For a copy. visit swagelok.com or contact
Function, material compatibility, adequate ratings, your authorized Swagelok representative.

proper installation, operation, and maintenance are the
responsibilities of the system designer and user.

Swagelok—TM Swagelok Company
= z G 2 @ 2001, 2003, 2008 5 lok G
Caution: Do not mix or interchange parts with those of e S S

Fabruary 2006, A2
other manufacturers. Pt
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